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POMS Molded optics 

1. Retrieve metal grid or mesh 
from substrate with PDMS 
molded lens Metal grid / mesh 

11. Transfer print metal grid or mesh 
with PDMS molded lens 

HIS - Si solar cells 

SI Conductive adhesive 

iii . US - Si solar cells with 
integrated contacts and optics 

US - Si solar cells final device 
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Process for making printable US - Si 
solar cells from bulk wafers 

Emitter formation : Coat phosphorus spin on dopant ( SOD ) 
onto a Silicon < 111 > wafer . 

Silicon Ribbon formation ( i.e. cell ) : Pattern length and 
width of the cells via photolithography 

Define the cell thickness ( can vary from 5 um- 60 um ) by 
deep reactive ion etching or wet anisotropic etching 

Passivate the sidewalls of the ribbons with SIN and then 
KOH undercut to release the ribbons from the mother 
substrate 

Retrieve silicon solar cells ( i.e. ribbons ) with PDMS 
Deposit back metallization 

Print onto plastic or any substrate via a conductive 
adhesive ( e.g. silver paint ) 

Cast insulating / planarization layer 

Laminate PDMS concentrating optics and metal contact 
grid onto top of silicon ribbons 
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Micromanipulation : Transfer printing 
1. Retrieve micro - objects 
using rubber stamp 

2. Print objects to 
target substrate 

] 

Massively parallel assembly 

Control micro / nanoscale objects 
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Inorganic LED operation 

0.12 

Current ( A ) 
? 

00000 
0 2 3 

Applied Voltage ( V ) 

- High efficiency & brightness 
- Rugged : robust operation 

Fig . 52 



U.S. Patent Apr. 19 , 2022 Sheet 63 of 86 US 11,309,305 B2 

WIZA Fig . 53A PET substrate 
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1 mitt 
+ 
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Bias ( V ) 

1. GaAs : C , 5 nm 
Fig . 53B 2. Al0.45 Ga0.55 As : C , 800 nm 

3. Alosno.P.Mg , 200 nm 
4.12 . Active region 
13. Al0.5 | 10.5P 200 nm 
14. Al0.45 Ga0.55 As : Te , 800 nm 
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endused : 
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Providing a device substrate having a receiving surface . 

Assembling a printable semiconductor element on said 
receiving surface of said substrate via contact printing . 

Planarizing said printable semiconductor element 
assembled on said receiving surface , thereby making said 
semiconductor - based optical system 

Optionally , embedding said printable semiconductor 
element into a planarizing layer provided on said 
receiving surface of said device substrate 

{ 
Optionally , curing , polymerizing or cross linking said 
planarizing layer having said printable semiconductor 
element embedded therein , thereby fixing said printable 
semiconductor element in said planarizing layer 

Fig . 55 
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U.S. Patent 

belle 100 um 

Boron ( p + ) 

50 
um 

Apr. 19 , 2022 

Phosphorous 
( n + ) 

1.4 mm 

Boron ( p + ) 

BSF 

Sheet 72 of 86 US 11,309,305 B2 

Fig . 62 



U.S. Patent Apr. 19 , 2022 Sheet 73 of 86 US 11,309,305 B2 

Cell pattern formation 
( photolithography and dry etching ) 

Boron doping 
( window formation and diffusion ) 

Phosphorous doping 
( window formation and diffusion ) 

Undercut 
( top and sidewall passivation and KOH etching ) 

Bottom boron doping 
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- KOH refining of sidewall ripples 
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Doping mask - PECVD SIO ( 900 nm ) 
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w 

Sidewall passivation 
- PECVD : SizN4 ( 250 nm ) @ 350 ° C 

- Angle evaporation : Cr / Au 

( 70A / 700A ) , 60 

U.S. Patent Apr. 19 , 2022 

ONAU 

50 um 

SIN , 

SI 

Metal - covered surface ( bright region ) 
is protected from subsequent dry 

etching process and thus acts as a passivation layer for KOH wet - etching . 
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Anisotropic etching with KOH 
- 90 ° C , -35 min for full undercut 

- Preferred etching along < 110 > 

direction 
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Cleaning passivation layers 
- SIZN , BOE 5 min - PECVD SIO2 100 mm ( protecting layer from adhesive contamination ) 
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NOA planarization 

" NOA curing 10 min 
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